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natomic-Functional Imaging
y Single-Photon Emission
omputed Tomography/
omputed Tomography as the
ornerstone of Diagnosis and
reatment for Coronary Patients
Glimpse Into the (Near) Future?*
illiam Wijns, MD, PHD, FESC
alst, Belgium
he fascinating study by Rispler et al. (1) in this issue of the
ournal represents another validation milestone in the search
or a noninvasive imaging strategy that will eventually
rovide integrated evaluation of anatomy and physiology in
atients with coronary artery disease.
See page 1059
t last, it has now become possible to access coronary anatomy
oninvasively with the emergence of multidetector computed
omography (CT). As a consequence, currently applied diag-
ostic strategies and noninvasive imaging paradigms are being
hallenged. It used to be that patients with suspected or
robable coronary artery disease would undergo noninvasive
valuation for diagnostic and prognostic stratification purposes,
hereby preventing access to the invasive coronary angiography
o many patients who nevertheless have the disease but whose
rognosis is deemed favorable. With the explosive growth of
nterventional revascularization procedures and now, even
ore so, with the advent of CT angiography, the gatekeeper
unction of stepwise functional testing is likely to disappear.
his raises increasing concerns about appropriateness of the
se of diagnostic CT, also considering that the simple docu-
Editorials published in the Journal of American College of Cardiology reflect the views
f the authors and do not necessarily represent the views of JACC or the American
ollege of Cardiology.
From the Cardiovascular Center Aalst, Aalst, Belgium. Dr. Wijns has been
rinciple investigator or coprinciple investigator for trials investigating drug-eluting
tents (nearly all companies). Any honoraria on behalf of Dr. Wijns go to thet
ardiovascular Center Research Foundation (nonprofit organization), which is the
ofounder of Cardio 3, a biotechnology start-up company focusing on cell therapy.entation of the presence of plaque will be deemed sufficient
o trigger coronary stenting, irrespective of symptomatic status,
unctional significance of the stenosis, or any form of prognos-
ic evaluation. Currently up to 71% of percutaneous revascu-
arization procedures are being performed in the absence of any
ort of functional evaluation (2), and it is feared that this
orrisome trend will amplify with the generalization of the
reviously described scenario. As stated by Rispler et al. (1),
luminology might determine patient management with the
o-called oculostenotic reflex resulting in a large number of
herapeutic interventions.” Thus, although CT angiography is
niversally acclaimed as a unique opportunity to extend our
apability to diagnose coronary artery disease with the potential
o impact on sudden ischemic cardiac death and unheralded
cute myocardial infarction, we are faced with the unmet need
o redesign diagnostic work-up paradigms. Most importantly,
he critical question relates to the specific role and appropriate
se of CT in the various populations and patient subgroups
ith suspected or probable coronary artery disease (3).
Visionary Approach
he contribution by Rispler et al. (1) addresses that very
ssue in a population of 44 patients with a high prevalence of
oronary artery disease (70%). They have used an integrated
ingle-photon emission computed tomography (SPECT)/CT
evice to identify the presence of coronary stenoses, and in
he same go, they have determined their functional signif-
cance by myocardial perfusion imaging. Both results are
resented in an extremely attractive fused display mode
Fig. 3 in Rispler et al. [1]) that immediately conveys the
elevant information even to lay eyes. As expected, many
tenoses identified by anatomy did not cause perfusion
efects: of 32 patients with stenoses at angiography,
PECT was abnormal in 24 patients. Compared with the
ombined invasive angiogram and the SPECT results as the
tandard of reference, diagnostic performance indexes, in
articular specificity and positive predictive value, were
uperior for the combined SPECT/CT approach, as op-
osed to CT alone. The potential implications of such
ndings are far reaching. If indeed only hemodynamically
ignificant lesions should be revascularized (4), then
argeted mechanical revascularization can be planned on
he basis of the available information, whereby stenting
hall be restricted to significant stenoses. Although not
tated in their manuscript, the invasive therapeutic pro-
edure should be avoidable in a number of patients in
hom plaque is present by anatomy (CT) but ischemia is
bsent by functional testing (SPECT). As a result,
nnecessary stent implantations and a number of unnec-
ssary revascularization procedures could be deferred.
onsidering the escalating costs of interventional proce-
ures with drug-eluting stents and the concerns regard-
ng their long-term safety, the proposed approach seems
o make a lot of sense.
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March 13, 2007:1068–70 Editorial CommentConstructive Critique
he authors themselves are offering a critical discussion of
ome of the limitations of their work. Appropriate concerns
bout the radiation burden of hybrid imaging technology are
iscussed. However, one should not forget that the pro-
osed strategy could contribute to reducing the radiation
xposure during subsequent invasive interventional proce-
ures if indeed their duration can be shortened or some can
ven be deferred. As mentioned earlier, it would have been
f interest to include a “per patient” analysis, even though
he study group is small. It is regrettable that Table 2 (1)
oes not provide the reader with the detailed figures
numerator and denominator). As expected, a significant
umber of coronary segments could not be analyzed by CT
ngiography, and as a result, 12 patients had to be excluded
rom the analysis. Most likely, this is owing to the use of a
6-slice CT machine. From a broader perspective, it is
bvious that the currently available hybrid machine must be
n early-generation prototype that does not yet allow for
ach technology to be applied at its optimum. As men-
ioned, the performance of more recent CT machines
urpasses the 16-slice technology that was used (5). Some-
hat surprisingly, the authors do not provide a detailed
escription of the correlation between their findings at
nvasive angiography versus CT angiography. Likewise,
PECT could not be applied at its best. As acknowledged,
PECT imaging did not yet incorporate attenuation cor-
ection. Dealing with misalignment artefacts between
PECT (acquired while breathing) and CT (acquired dur-
ng breath holding) will require further software improve-
ent. From a clinical perspective, it would have been of
nterest to know whether actual treatment decisions regard-
ng revascularization were indeed respectful of the combined
natomic-functional data, as reported here.
But the main criticism to the author’s approach is that the
tudy design incorporates a strong component of self-
ulfilling prophecy. Indeed, the SPECT functional data
ere analyzed in combination with both the invasive an-
iography (reference dataset) and the CT angiography
dataset to be tested). In this way, the authors are correlating
pples with apple mousse, and the comparisons are neces-
arily flawed by internal consistency. Proper validation of
he hybrid SPECT/CT approach would require an inde-
endent functional evaluation with either noninvasive or
nvasive functional testing. In addition, one is entitled to
aise concerns about the accuracy of myocardial perfusion
maging in identifying the significance of individual steno-
es, in particular in the context of multivessel disease. Lima
t al. (6) have shown in 143 patients with severe triple-vessel
isease by angiography that a scintigraphic pattern of
riple-vessel disease was seen in only 10%, 2 vessels were
eclared abnormal in 36%, only 1 territory showed abnor-
al perfusion in 36%, and none in the remainder. Although
he performance of myocardial perfusion imaging is excel-
ent for the detection of significant disease on a “per patient” pasis, its performance with individual lesions is limited. If
ndeed combined noninvasive anatomic-functional imaging
ill be used to decide whether individual stenoses should or
hould not be revascularized, the entire process—including
hoice of tracer, type of stress, imaging protocol, instrumen-
ation, data analysis, and reporting—will need to be reengi-
eered as to improve the accuracy and discriminative power
f SPECT imaging on a “per vessel” basis. This leads us to
he next important question.
hich Hybrid Imaging Technology to Choose:
PECT/CT or Positron Emission Tomography (PET)/CT?
s we have just alluded to, simply transferring the best of
ontemporary, state of the art, SPECT myocardial perfu-
ion imaging to the hybrid SPECT/CT device might not be
ufficient to establish the technology as the cornerstone on
hich to build the new diagnostic and therapeutic paradigm
n patients with known coronary artery disease. Interven-
ional cardiologists and surgeons will not endorse a recom-
endation to defer therapy, unless the gatekeeper is proven
obust and sensitive. Yoshinaga et al. (7) have demonstrated
hy relative perfusion imaging with SPECT has important
nherent limitations for the determination of hemodynamic
ignificance of individual lesions when compared with
uantitative oxygen 15-labeled water and PET. Segments
ith coronary stenosis but normal SPECT still showed
educed coronary flow reserve at 2.22  0.87 (significantly
ower than 3.86  1.24 for normal segments, p  0.001).
hus, so as not to underestimate the extent of inducible
schemia, it might be desirable to invest in hybrid
ET/CT instrumentation, even though tracer availability
nd quantification of blood flow in absolute terms remain
hallenging (8).
uture Steps
he world of cardiac imaging is proposing to the clinician
n ever-increasing spectrum of options and tools, with the
isadvantage that patients are submitted to multiple, se-
uential, time-consuming, and costly diagnostic procedures
nd tests, sometimes contradicting each other. The concept
f obtaining combined anatomic and functional tri-
imensional noninvasive imaging of the coronary circulation
n a single session through hybrid SPECT/CT instrumen-
ation is particularly appealing. As discussed earlier, this
pproach has the potential to become the central decision-
aking element in the future diagnostic and therapeutic
trategy for patients with coronary artery disease. However,
here is a long road ahead to achieve this endeavor.
alidation studies like the present one (1) will be essential
ut not sufficient. The technology requires further improve-
ent, and the strategy itself will have to be tested prospec-
ively. Until now, diagnostic imaging techniques have been
mplemented largely on the basis of observational studies,
ith only few prospective randomized trials. A change in
aradigm like the one proposed by Rispler et al. (1) will not
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Editorial Comment March 13, 2007:1068–70e adopted unless appropriate evidence becomes available
rom patient-outcome–based randomized trials with clinical
fficacy and cost-effectiveness end points.
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iovascular Center Aalst, OLV Hospital, 164, Moorselbaan, 9300
alst, Belgium. E-mail: William.Wijns@olvz-aalst.be.
EFERENCES
. Rispler S, Keidar Z, Ghersin E, et al. Integrated single-photon emission
computed tomography and computed tomography coronary angiogra-
phy for the assessment of hemodynamically significant coronary artery
lesions. J Am Coll Cardiol 2007;49:1059–67.
. Topol EJ, Ellis SG, Cosgrove DM, et al. Analysis of coronary
angioplasty practice in the United States with an insurance-claims data
base. Circulation 1993;87:1489–97.
. Hendel RC, Patel MR, Kramer CM, Poon M. ACCF/ACR/SCCT/
SCMR/ASNC/NASCI/SCAI/SIR 2006 appropriateness criteria for
cardiac computed tomography and cardiac magnetic resonance imaging:
a report of the American College of Cardiology Foundation/AmericanCollege of Radiology, Society of Cardiovascular Computed To-
mography, Society for Cardiovascular Magnetic Resonance, American
Society of Nuclear Cardiology, North American Society for Cardiac
Imaging, Society for Cardiovascular Angiography and Interventions,
and Society of Interventional Radiology. J Am Coll Cardiol
2006;48:1475–97.
. Bech GJW, de Bruyne B, Pijls NHJ, et al. Fractional flow reserve to
decide upon the appropriateness of angioplasty in moderate stenosis: a
randomized trial. Circulation 2001;103:2928–35.
. Vanhoenacker PK, Heijenbrok-Kal MH, Van Heste R, et al. Multide-
tector CT angiography for assessment of coronary artery disease: a
systematic review of diagnostic performance. Radiology 2007. In press.
. Lima RS, Watson DD, Goode AR, et al. Incremental value of
combined perfusion and function over perfusion alone by gated SPECT
myocardial perfusion imaging for detection of severe three-vessel
coronary artery disease. J Am Coll Cardiol 2003;42:64–70.
. Yoshinaga K, Katoh C, Noriyasu K, et al. Reduction of coronary flow
reserve in areas with and without ischemia on stress perfusion imaging
in patients with coronary artery disease: a study using oxygen 15-labeled
water PET. J Nucl Cardiol 2003;10:275–83.
. Namdar M, Hany TF, Koepfli P, et al. Integrated PET/CT for the
assessment of coronary artery disease. A feasibility study. J Nucl Med
2005;46:930–5.
